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@ Basic aluminium sulphate, its manufacture and use.

@ The present invention relates to an aluminium sulphate
composition having a low sulphate content and being of the
type

Al{OH), {SO.), (H20),

inwhichxis 1.51 - 2.0;yis05-075;x+2y=3,and2is 1.5
— 4 when the composition is in solid form. The composition
has charge-neutralizing properties in colloidal systems and
can be used as a flocculating agent in water-purifying
processes, a retention agent in paper-manufacturing proces-
w= ses, and an agent for de-watering vegetable material. The
product according to the invention enables water to be
purified a number of times without requiring appreciable
(] increase in the sulphate-ion concentration.
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BASIC ALUMINIUM SULPHATE, ITS MANUFACTURE AND USE

DESCRIPTION

5 Technical Field
The present invention relates to a basic aluminium sulphate which,
in aqueous solution, produces positively charged polynucleate com-
plexes having charge-neutralising properties in systems containing
suspended or colloidal, negatively charged particles; the manufac-
10 ture of such basic aluminium sulphate and the use thereof.

The object of the present invention is to provide a basic aluminium

sulphate which has a high aluminium content and a high polynucleate

number, and which can be dissolved in solid form in water to form
15 an aqueous solution having charge-neutralising properties.

Background Art

A number of aluminium produéts are known which contain polynucleate
aluminium ions in solution. These prcducts have been developed as a
20 result of the demand for more effective chemicals for water-purify-
ing, paper-sizing and plant-dewatering processes, for example. Be-
cause of the high charge of the metal jons, the properties exhibited
by the polynucleate products are far superior when used within the
aforementioned technical fields than the mononucleate compounds pre-
25 viously used. The aluminium products developed with the aim of im-
proving efficiency in the aforementioned fields of use are princip+
ally of two different kinds, namely chloride-based basic Al-compounds
and sulphate-based basic Al-compounds. Of the first mentioned group

there was first developed a polyaluminium chloride (PAC) of the general
30 formula

[A]C]x (OH)3_x] . r

where X is < 3 normally 1-2.

35 These compounds and their manufacture are described in, for example,
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- SE,B, 7201333-7, SE,B, 7405237-4, SE,B, 7412965-1, SE,B, 7503641-8
and DE,A, 2630768. A common feature of these aluminium-chloride con-
taining compositions of the PAC-type based on polynucleate complexes
is that the methods required to produce solutions which are effec-

5 tive, inter alia, in purifying water, are extremly complicated, and

- consequently the cost of the solutions is relatively high vis-a-vis

the effect obtained.

: The second type of aluminium-chloride solutions, PALC, which are also
: 10 based on the same polynucleate complexes have general summary formuli
which can be written as ‘
[A1c13 . x AOH ] o

where A is alkali metal, and

15 [ mcl, -3 B(OH)Z] .

where B is an alkali earth-metal, n is a positive integer and x is an
integer in the range 1 - 2.7.

20 Polynucleate aluminium-chloride solutions of the PALC-type are de-
scribed in FR,Al, 7512975, according to which the solutions are pre-l
pared by alkalising aluminium-chloride solutions with solutions of
alkali hydroxide. According to this reference, however, it is not
possible to produce clear, stable solutions other than when pre-

25 paring highly diluted solutions. By "stable solution” is meant here
and in the following a solution whose composition and properties
will not change when the solution is stored for a long peried of
time. For example, it is stated in the aforementioned reference
that, under special conditions, there. can be obtained a solution

30  with up to 0.40 moles Al per litre. This solution, which has a high-
1y 1imited stability, must be injected directly into the water to
be purified. It is clear from the reference, and in particular from
the Examples therein, that solutions where the aluminium concentra-
tion is higher than about 0:1 mole/1 cannot be expected to be effec-

35 tive and stable with the known PALC-solutions-described in the refer-
ence.
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The first mentioned type of aluminium product (PAC) is particularly
expensive to produce, due to the complicated manufacturing procedures
required. The other type of aluminium product (PALC) can be produced
more cheaply, but is less effective.

Sulphate-based basic Al-compounds are described in EP,A, 79850039-4,

.EP,A, 80850033-4 and SE,A, 8101830-1.

‘These products contain, to a greater or lesser extent, polynucleate

metal ions in solutions, and are thus an effective water-purifying
agent. The sulphate-based products can also be used for purposes
other than purifying water, since the presence of the polynucleate
metal ions enables desired effects to be achieved.

Such applications incl&&e, for example, the sizing of paper 1n‘Eaper-
manufacturing processes, in which an aluminium sulphate and a resin
adhesive are added to the stock, the adhesive being fixed to the
fibres in a later manufacturing stage, with the aid of the aluminium
sulphate. In this respect, it has been found that polynucleate sul-
phate-based Al-compounds are superior to mononucleate Al-sulphate.
Po]ynu&leate sulphate-based Al-compounds are also excellent reten-
tion agents, i.e. agents which increase the amount of solid material

" retained on a paper web, i.e. such material as filling agents and

fibres. In certain cases, however, it is desirable, and also neces-
sary, to 1imit the supply of sulphate ions as far as possible in

.applications within the aforementioned fields of use, and particular-

1y when purifying drinking water. This is of particular importance
in systems which are used and cleansed a repeated number of times,
to eliminate the risk of sulphate accumulating in body tissues and, -
from the aspect of concrete corrosion, in the water. For example,
this applies to certain water-purifying systems where water is a
scarce commodity, necessitating the water to be used for as long as
possible between intermediate purifying operations. After purifying
such water 10 times with conventional Al-sulphate or compositions
with corresponding sulphate contents (FALS), the sulphate content
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of the water will be so great that the water will attack the water-
piping system, to cause troublesome leaks. The problems arising from
the enrichment of sulphate ions are now also prevalent in the manu-
facture of paper, where for environmental reasons, the water-convey-
ing system is, to a great extent, closed. The manufacturing processes
are serjously affected when the amount of salts contained in the
paper stock aré excessively high. '

The chloride-based Al-compositions of the PAC-type or PALC-type, ex-
hibit a number of disadvantages in relation to the sulphate-based
compositions, of which the most serious are the excessively high
costs of purifying the water with respect to the use of PAC-composi-
tions, and excessively high chloride contents (twice that of PAC)
when using PALC-compositions, which should be avoided for environ-_
mental reasons. Because of the corrosion risks involved, the chlo-
ride-based aluminium compounds are not suited for use in paper-
manufacturing processes.

The US Patent Specification No. 4,238,347 describes products with a
Tower sulphate content than PALS above. These products could repre-
sent an attractive é]ternative_to the afore-described sulphate-based
Al-compounds when the sulphate content constitutes a problem after
treatment, provided that the solutions contain sufficient polynu-
cleates to produce a comparable result. The products, however, have
an OH/Al-ratio of up to only 1.5, restricted to 1.3 for practical
use. This means that the product has far less polynucleates than,
for example, the sulphate-based product described in SE,A, o
8101830-1, mentioned above, and is thus less effective than said
product, which means that higher quantities must be added and that
the use of said product is more expensive and does not reduce the
sulphate content to the same extent.

Disclosure of the present invention

It has now Surprisingly been found possible to produce a sulphate-
based su1pﬁ&te-poor product having a degree of polynucleation great-
er than 1.5.

&
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The novel product according to the invention is characterized in
that it comprises a compound of the formula

[A](OH)X(504)y (Hgo)z] n

in which x is 1.51~ 2.0;

y is 0.5 - 0.75;

X+2y=3 )

z is 1.5 - 4, suitably 1.5 - 3.0
when the product is in a solid form

Preferably x = 1.6 - 1.8;
y =0.6 - 0.7; and
z=2.0-2.5

When the product is in a solid form, z is 1.5 - 4, while when the

pﬁbduct is in aqueous solution z is 3 4, while the x- and y-ranges
remain unchanged.

The compound exists in the form of a polynucleate complex in aqueous
solution, and should also be in the same form in the solid product.

Preferred method of carrying out the invention

The compound according to the invention can be prépared as follows;

A basic aluminium-sulphate solution is prepared by precipitating sul-
phate from an aluminium-sulphate solution by adding calcium hydroxide,
whereafter the resultant precipitate, in the form of CaSO4 X 2H20,
gypsum, is filtered off.

The sulphate ions can be precipitated by means of any acid-soluble

Ca-compound, which separates while forming OH, and also by means of
any corresponding barium and strontium compound. Thus, Ca0, CaCO3

and Ca(OH)z, or corresponding barium or strontium compounds, can be
used, although Cao and Ca(OH)2 are particularly preferred, especially
when concentrated solutions are produced, which concentrated solu-
tions are to be preferred per se. -
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It is only necessary to add small quantities of watér to the ingoing
reactants during the process, in order to produce solutions with a
highly concentrated aluminium. Thus, the ingling 1ime in the water is
slurried to a manageable consistency, by which is meant ratios of 1:1
between Cal and HZO’ A minor quantity of ingoing aluminium sulphate
is slurried in water in the reaction vessel, while being vigourously
agitated to form a slurry, whereafter the 1ime slurry and solid alu-
minium sulphate is added to the slurry progressively and batchwise,
or continuously and simultaneously. When adding the lime slurry and
solid aluminium sulphate, the pH of the solution should be kept as
low as possible, pH < 4, to eliminate the risk of precipitating alu-
minium hydroxide, Al(OH)3. The reaction between aluminium sulphate
and lime releases the combined water, in accordance with the fol-
Towing reaction formuli, Which_exémplify precipitation of half the
sulphate;

2.A12v(504)3 . ?4H20 + 3 Ca(OH)2 + xHZO _—

- 2H,0 + 22H,0 + xH,0

Al (S0 4 2 2 2

4)3 (OH)s + 3 Ca SO

where xH20 indicates the optional addition of water.

Thus, in the example, for each Ca there is re]eased-%g HZO present
as a solvent in the final product, from which follows that the amount
of water used when slurrying the 1ime shall be as small as possible.
The process is also exothermic through neutralisation heat, and can
therefore be carried out without supplying heat from external
sources. Because, inter alia, of the ambient conditions, however,

it is preferred to supply heat.

In the temperature range 70 - SOOC the CaSO4-precipitate is less
voluminous, with better filtering properties. This explains, among
other things, the reason for supplying heat to the process, the tem-
perature preferably being maintained at about 80%C. At room temper-
ature, the solution has a h%gh viscosity and is therefore prefer-
ably filtered at a temperature of 80%C. The filtering process is
suitably a pressure-filter process, since vacuum filtering resuits
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in undesirable boiling of the solution, resulting in uncontrolled
concentration. o '

The aforegoing describes a preferred method of manufacture. The
product, however, can also be produced by metering dry lime to a
slurry comprising the total amount of water and aluminium sulphate.

The resultant gypsum precipitate is granular, because gypsum precip-
itates onto the lime nucleates.

In another method of manufacture, the aforedescribed slurry of alu-
minium sulphate is produced by mixing an ultimate product solution
with solid aluminium sulphate. In this case, the water is added to
the 1ime slurry, which as a result becomes thinner and easier to
handle, although because of the greater volume obtained more énergy
is required to effect the filtering process.

Combinations of the aforementioned methods can also be applied.

EXAMPLE 1

A basic aluminium sulphate solution was prepared in accordance with
the preferred process described above, in which the starting raw ma-

terial comprised

Aluminium sulphate- 50.3% (9% Al)
Calcium Hydroxide 12.4%
Water - 37.3%

Subsequent to réacting these constituents at 78°C there was obtained

.a final product having the following data:

Al : 6.3%

Basicity: OH/A1 = 2.0 (= 66.6%)
containing prior to filtration

Basic aluminium solution: . 71.2%

Calcium sulphate dihydrate: 28.8%
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CaSO4 . 2H20‘was filtered off, there being obtained a pure, basic
aluminium sulphate solution having a density of 1.285 g/cm3.

When stored, the solution proved to be unstable, and the aluminium
compound"contained therein decomposed to form insoluble aluminium
salts..It is-possible to stabilise the solution, however, by adding
1.0~ 2.0% sodium heptonate, (2, 3, 4, 5, 6, 7 - hexahydroxy hepta-
noic acid sodium salt).

Other suitable stabilising agents include citric acid, tartaric acid
sodium citrate, sodium acetate, sodium tartrate, sodium carbonate or
combinations thereof. Other salts of citrate, acetate, tartrate and

carbonate can also be used.

Us%ng—a complexforming stabilizer such as citric acid, a citrate,
tartaric acid, a tartrate the stabilizer can be added in an amount
corresponding to up to 1/6 of the molar amount of aluminium when
citric acid is used and up to 1/4 of the molar amount of aluminium
when tartaric acid is used. Other stabilizers of the &-hydroxy-
carbolic acid type are lactic acid, malic acid, and glycolic acid.
Using. lactic and glycolic acid up to 1/2 of the molar content of alu-
minium can be used, and using malic acid up to 1/4 of the molar con-
tent of aluminium can be used. However, a good stabilization is also
obtained using half of these amounts, e.g. 1/12 mole of citric acid
per mole of aluminium.

The 6%-solution above can be diluted.down to a concentration of 2%

calculated as Al; the lower concentration should be avoided because
of excessively reduced stability, even when a stabilising agent is

added.

As beforementioned, the 6%-solution is unstable due to the prevailing
conditions of equilibrium, which results in the formation of insoiuble
aluminium compounds when the solution is stored, as mentioned in the
aforegoing. The rate at which decomposition takes place during storage
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is dependent on temperature and will increase with increasing temper-
ature.

Despite this, however, it is possible to evaporate the solution to a
stable, solid dry product which is soluble in water and which provides
solutions which are able to maintain their properties, compared with
the original solution. Although, the stability may be impaired when
re-dissolving the solid product, it is still fully sufficient for

practical technical use, for example for appTication to a paper-
making machine.

The evaporating temperature should not exceed 70°¢C, and, in addition,
the time taken to effect the evaporation process should be as short
as possible, through selection of suitable evaporation apparatus,
sich as a thin-layer evaporator with good air ventilation. Such an

evaporator provides a brittle cake, which falls to pieces to form an
X-ray amorphous product.

When evaporating a product according to the Example, there are also
obtained different end-products in dry form, according to the Table
below.

Table
Product

1 2 3 4
Content
Al % 16.9 15.2 16.5 17.3
SO4 % 40.7 40.9 44.9 47.5
H20 % 24.8 30.3 22.6 18.3
OH/Al 1.65 1.52 1.46 1.44
Basicity % 55.0 80.7 48.7 48.0
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10

Solution thin-layer evaporated at 65°C
Solution vacuum evaporated at 22%

Solution thin-layer evaporated at 65°C
Solution thin-layer evaporated at 85°¢

W NN -
e ® s @

Product 4 has poor solubility due to an excessively high evaporation
temperature. '

The products 1 - 3 took from 5 to 10 minutes to completely dissolve
in water, while product 4 took 1 hour.

EXAMPLE 2

There was prepared in accordance with Example 1 a solution having'the
following data: '
Al F 3%

Basicity: OH/A1 = 1.0 (= 33.3%)
and prior to filtration containing: _ )

Basic aluminium sulphate solution 86.3%

Calcium sulphate dihydrate 13.7%
The products produced in accordance with the invention exhibited good
properties with respect to the neutralisation of the charge in col-
loidal systems, which promotes good coagulation and rapid floccula-
tion when purifying water, and good retention when manufacturing
paper. Since the product is poor in sulphate, it can be used to ad~

- vantage in paper-making industries employing closed pulp-water sys-
. tems, to eliminate the undesirable accumulation of sulphate ions.

Excessive quantities of sulphate ions block desired surface-chemical
reactions.

The aluminium sulphate according to the invention can be used as a

-water-purifying agent for producing drinking water from crude water

or for purifying sewage water prior to releasing said waier to a re-
cipient, said aluminium sulphate being used in an amount of 15-2000
g/m3 water.

&
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The aluminium sulphate can also be used as a retention agent in
paper-manufacturing processes, the amount of aluminium sulphate used
being 0.5 - 25 kg/ton paper.

5 The aluminium sulphate can also be used as a means for de-watering
vegetable material, such as de-watering beet pulp, the aluminium

sulphate being used in an amount of 200-500 g/ton of ingoing wet raw
product. '
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CLAIMS

1. A basic aluminium sulphate which provides in aqueous solution
charged polynucleate complexes having charge-neutralizing broperties
in systems containing suspended or colloidal negatively chargéd par-
ticles, characterized in that-it contains a complex compound of the
formula - S S

[A](OH)X (s05), (HZO)Z] ]

in which x is 1.51- 2.0;

y is 0.5:=- 0.75;

x+2y = 3; and ,

z is 1.5 - 4 when the sulphate is in solid form; and

z is » 4 when the sulphate is in the form of an agueous 'so-
Tution.

2. An aluminium sulphate according to Claim 1, characterized in that
about 60 to 80% of the aluminium content is in polynucleate complex
faorm. '

3. An aluminium sulphate according to Claim 1, characterized in that
the aluminium content in aqueous solution is 2 - 7%.

4, An aluminium sulphate according to Claim 1, characterized in that
x is 1.6 - 1.8; '
y is 0.6 - 1.7,
Xx+2y is 3.0, whereat
z is 2.0 - 2.5 when the sulphate is in solid form, and
z is » 4 when the sulphate is in the form of an aqueous
solution.

5. An aluminium sulphate according to claims 1-4, characterized in
that the aluminium sulphate is stabilized with one or more of the
compounds of the group consisting of citric acid, tartaric acid,
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lactic acid, malic acid, glycolic acid, and their salts, acetates as
sodium acetate, carbonates as sodijum carbonate and heptonates as
sodium heptonate.

6. The use of an aluminium sulphate according to one or more of
Claims 1 - 5 as a water-purifying agent.

7. The use of an aluminium. sulphate according to one or more of
Claims 1 - 5 as a retention agent in paper-manufacturing processes.

8. The use of an aluminium sulphate according to one or more of
Claims 1 - 5 as a de-watering agent for vegetable material.

9. A method for producing a basic aluminium sulphate according to
Claims 1 - 5, characterized by reacting aluminium sulphate with Ca0,
Ca(co3)2 or Ca(OH)2 in aqueous solution at a pH lower than 4;
whereafter the resultant CaSO4-precipitate is separated and the
solution, if so desired, evaporated to obtain a solid product.

10. A method according to Claim 9, characterized in that the reaction
is carried out at a temperature of 70 - 90°¢.

11. A method aécording to Claims 9 - 10, characterized in that a
Time-water-slurry and solid aluminium sulphate are added to part of
the aluminium sulphate in the form of an aqueous slurry.
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